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Research Article 
INTRODUCTION 
Poplars (Populus deltoids Bartram ex Marshall) belong 
to genus Populus species and family Salicaceae, and 
were introduced in India way back in 1950 and studies 
have been done on their yields at various places 
(Fotidar, 1979, Burgess et al. 2005, Dillen et al. 2013, 
Truax et al. 2014). In India, about 225 clones of various 
poplars have been introduced, tested and some of 
them have performed very well (Chauhan et al., 2008). 
The wood of Poplar is used for agricultural implements, 
cooling pads employed in room-coolers and sports 
goods (Rajput, 1996). The bark is used as a tonic, stim-
ulant and blood purifier. Besides their economic im-
portance, poplars are also preferred by farmers be-
cause of their short rotation, thus ensuring quick re-
turns. The dependence of Indian matchwood and ply-
wood industry on poplars is noteworthy and use of pop-
lar leaves as fodder and fuel wood are also not rare 
(Singh, 1979; Singh and Singh, 2018). 
P. deltoides, commonly called as Poplar, make up the 
backbone of agro-forestry in India (Kumar et al, 1999, 
Chavan and Dhillon, 2019). Large-scale plantation for 
poplar species is done for P. deltoides in India. The 
Poplar has contributed in agro-forestry land-use system 
appreciably to increase the tree cover outside natural 
forests as well as proved to be a potential resource for 
socio-economic development, ecological restoration 
and diversification of agriculture (Chauhan et al.2012). 
P. deltoides adapts well in the Indian ecological condi-
tions than other species and hybrids (Cortizo et al. 
2008). Poplar generally grows well in fertile alluvial 
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soils. Poplar trees flourish in the clayey, sand and 
sandy loamy soil, humid rich, fine drained and soils 
near to the water resources with pH of 6.5-8.0 (Singh 
and Singh, 2018). 
Cloning or vegetative propagation of the trees has been 
a constructive tool in traditional tree improvement, with 
the promising feature of clones being important for pro-
duction forestry (Libby, 1986; Henrique et al., 2006). 
Implementation of clonal forestry has been successful 
in several hardwood species, particularly in eucalyptus, 
popular and willow (Zsuffa et al. 1993; Rezende et al. 
2013) due to being a short rotation crop. Propagation of 
Poplar is widely increasing worldwide for the production 
of timber and raw materials for industrialization. Sexual 
propagation may be practised by farmers or the govern-
ment but vegetative propagation is successful in terms 
of propagation and mass multiplication of Poplar. Vege-
tative propagation has become the preferred method of 
propagation to maintain individual characteristics, re-
sulting in a genetically identical plant to the original do-
nor plant (Araya 2005; Spriggs and Dakora 2007; 
Bester 2013). 
The growth regulators have successfully been used by 
many researchers to increase the growth of stem cut-
tings of plant species (Soundy et al., 2008; Singh et al. 
2011; Saǧlam et al. 2014). Meanwhile, the collection 
and planting timing of stem cuttings has also affected 
the rooting of stem cutting. The present study was con-
ducted to observe the effect of different growth hor-
mones on various growth parameters of P. deltoides 
and find out the suitable planting season (February or 
July) for the same. 
MATERIALS AND METHODS 
The experiment was conducted to determine the effects 
of growth hormones on the growth parameters of cut-
tings P. deltoides L. Marsh, under nursery conditions in 
the forest nursery and research centre, Department of 
Forestry and Fisheries, Himgiri Zee University, Deh-
radun (Fig. 1) in the year 2018. The climate of the re-
gion was broadly humid subtropical, with cold winter 
and hot dry summer. The district Dehradun is micro-
geographic area covering 3088 sq. km, located at be-
tween 29°55’ to 30°30’ N and 77°35’ to 78°24’ E. Geo-
graphically, the district Dehradun is surrounded by the 
lesser Himalaya mountain on the north, Shivalik hills on 
the south and the river Ganga on south-east and the 
river Yamuna on the north-west. Its elevation ranges 
from 315 to 2500 m and the gradient varies between 7 
and 10 km. The area receives 137.3 cm to 188.6 cm 
rainfall annually, depending upon other climatic factors. 
In general, the temperature varies with the maximum 
range of 160 C to 360 C in summer (April to July) and 20 
C to 240 C in winter (November to February). Most of 
the part of the valley is plain and riverine. The water 
bodies of the Doon Valley form a Bioresource-
environment by maintaining a balanced ecosystem. 
Although the climate varies, it is up to a considerable 
range. Hence flora and fauna of the valley seem to be 
transient between the sub-montane region and the 
Gangetic plains.  
The stem cuttings of P. deltoides were selected for the 
study to check the effect of different growth regulators 
viz: IBA, NAA, and GA3 (purchased from the certified 
company) on its different growth parameters. Each 
growth regulator was prepared in three different con-
centrations: 100 ppm, 200 ppm and 300 ppm (Ullah et 
al., 2013). One experiment was also conducted in a 
control condition with no treatment applied. The treat-
ments were distributed as T1: No Treatment; T2: IBA 
100ppm; T3: IBA 200 ppm; T4: IBA 300 ppm; T5: NAA 
100ppm; T6: NAA 200 ppm; T7: NAA 300 ppm; T8: 
GA3 100ppm; T9: GA3 200 ppm; T10: GA3 300 ppm 
Stem cutting of plant species (P. deltoides) of about 15 
cm long and having at least 3 internodes were used as 
the planting material. The basal portion of the cutting 
was cut off and dipped into the distilled water for 24 
hour (Haider et al., 2015). The cuttings were treated 
with the treatments for at least 10 minutes (Chauhan et 
al., 2015) and planted using a completely randomized 
design (CRD) with 3 replications. Each replication was 
having 3 numbers of cuttings. The experiment was con-
ducted in the on-season (February) and off-season 
(July) of planting. Thus, a total 180 cuttings were uti-
lized by the experiment in both seasons of planting.  
The cuttings were planted in an open condition in the 
nursery raised beds at 15cm x 15 cm spacing. The data 
for various growth parameters were recorded in 30, 60 
and 90 DAP. 
Determination of growth parameters 
The following parameters were taken into consideration 
for the assessment of cuttings of the different stem as a 
result of the growth regulator. Shoot length (cm) was 
measured from the root collar to the terminal bud base 
using measuring rod/metallic tape. The cuttings were 
removed from the ground without any damage and the 
number of roots per cutting was counted along with the 
length of the root. The leaves were removed from the 
cutting without any damage to the plant and the num-
ber of leaf/ cutting was counted. The Shoot diameter 
was measured using a digital Calliper. The fresh shoot 
and root weight for each cuttings was taken separately 
by using an electronic tap pan balance; fresh root and 
shoot were dried at 60OC in an oven over 24 hours as 
per treatment and replication wise till constant weight 
was attained. Dry root and shoot weight (gm) were rec-
orded using Electronic top pan balance.  
Statistical analysis 
The experiment was laid out in Completely Random-
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ized Design having 10 treatments (including one con-
trol) with each replicated thrice. A multivariate ANOVA 
(Analysis of Variance) was used to test the significance 
at 5 % level as well as 1 % among different treatments 
and seasons of planting. For multiple comparisons, the 
Tukey HSD Post Hoc Test was used to test the differ-
ence between different treatments. Pearson product-
moment correlation coefficient was calculated to ana-
lyse the relationship among different growth parame-
ters. IBM SPSS V 21 was used for statistical analysis 
and Minitab Version 19 (Trial Version) was used for 
graphical representations. 
RESULTS 
Effect of various growth regulators on different 
growth parameters of P. deltoides in 30 DAP in two 
different seasons of planting 
In the present study, on-season planting, the analysis 
showed a significant effect (P<0.001) on all the growth 
parameters (Table 1). The analysis of the multiple com-
parisons of various treatments, Tukey HSD test 
showed that there were statistically same values of 
number of sprouting and sprouting length in all treat-
ments except in the control conditions, which showed 
relatively lower value as compared to others.   
IBA, with 300ppm, showed consistently higher values 
after 30 days of planting for the number of leaves, the 
number of roots/cutting, root length/cutting, fresh 
weight of shoot, dry weight of root and shoot diameter 
(at par with GA3 100 ppm). The values of all the pa-
rameters were recorded significantly lower in control 
conditions. The highest fresh root weight (0.821 gm) 
was recorded for the cuttings treated with GA3 300 
ppm, which was significantly (P<0.05) higher than the 
values observed in other treatments.  
In off-season planting, the treatments were overall hav-
ing a significant effect (P<0.001) on all the parameters. 
For most of the parameters (No. of sprouting, No. of 
leaves, sprouting length, no. of the root, root length and 
fresh weight of shoot), IBA 300 ppm showed the maxi-
mum values which was also at par with the values un-
der other treatments. GA3 300 ppm had relatively high-
er values for fresh weight of root (0.704 gm). The cut-
tings which were not treated with any growing media 
showed the least values of all the parameters. 
When comparing the growth response of Poplar in two 
different seasons, the results showed significantly high-
er (P<0.01) values for all the parameters except for dry 
weight of root, which did not differe significantly in two 
different seasons (Table 2). 
Effect of various growth regulators on different 
growth parameters of P. deltoides in 60 DAP in two 
different seasons of planting 
Data for different parameters recorded after 60 days of 
Fig. 1. Map of experimental site and study area at the nursery of Department of Forestry and Fisheries, Himgiri Zee 
university, Dehradun, Uttarakhand, India 
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lanting showed a significant effect (P<0.01) of various 
treatments in all growth parameters. The multiple com-
parisons showed many statistical at par values with the 
maximum value of different parameters. The number of 
sprouting (3.150), dry weight of root (0.350 gm) and 
shoot diameter (0.071cm) were relatively higher in the 
cuttings which were treated by IBA 300 PPM, which 
was statistically at par with other treatments (Table 3). 
The cuttings, which were planted in control conditions, 
showed relatively lower values for all parameters com-
pared to the cuttings treated with the growth hormones.  
In off season planting, all treatments were overall hav-
ing a significant effect (P<0.01) on various parameters 
excluding shoot diameter, which showed a non-
significant response (P>0.05) after 60 days of planting. 
The no-treatment (control) cuttings showed consistently 
lower values for all parameters. Other than that, most 
parameters were having statistically (P>0.05) same 
values under different treatments (based on post hoc 
test). Fresh weight of root and dry weight of shoot 
showed the same responses as showed in 30 DAP. 
Root length (3.862 cm) and fresh weight of shoot 
(1.774 gm) showed relatively higher values under IBA 
300 PPM. The planting season was also having a sig-
nificant effect (P<0.01) on different parameters (Table 
4), which showed that the cuttings planted in on-season 
were having relatively higher values for all the parame-
ters after 90 days of planting. 
Effect of various growth regulators on different 
growth parameters of P. deltoides in 90 DAP in two 
different seasons of planting 
In on-season planting, all the parameter showed a sig-
nificant difference (P<0.05) under various treatments 
after 90 days of planting (Table 5). The cuttings planted 
with no-treatment showed relatively lower values for all 
parameters. Other than that, based on the Tukey HSD 
test, the values of most of the parameters did not differ 
significantly (P>0.05) under different treatments. Dry 
weight of shoot (1.009 gm) was recorded significantly 
higher (P<0.05) in the cuttings treated with IBA 100 ppm.  
In off-season planting, the growth response of poplar 
cuttings was also same under different treatment as in 
on-season planting for some parameters (Table 5). IBA 
300 ppm for fresh weight of shoot (2.276 gm); GA3 300 
ppm for fresh weight of root (1.059 gm) and IBA 200 for 
shoot diameter (0.120 cm) showed relatively higher 
values as compared to other treatments.  
Comparison between two seasons of planting showed 
a significant difference (P<0.01) for all parameters, ex-
cluding the number of roots, under different treatments 
(Table 6). 
Trends of various parameters during 3 months of 
planting 
In on-season, most of the parameters showed a rapid 
increase for the first sixty days. However, this incre-
ment slowed down when observed after 90 DAP (Fig. 
2). This type of trend was the most common with the 
cuttings which were given no treatment. Under other 
treatments, some parameters (fresh weight of root, dry 
weight of root and shoot) showed an increasing trend of 
values after 60 DAP (Fig. 2). 
In the off-season of planting, most of the parameters 
showed a contrasting pattern from the on-season plant-
ing. The increase in the trend of different parameters is 
more constant for 3 months. The cutting planted with 
no-treatment showed a relatively lower trend for all pa-
rameters as compared to the cutting under different 
treatments (Fig. 3). 
Correlation among various growth parameters 
The pooled data of all three months to analyze the cor-
relation among various growth parameters showed that 
all the growth parameters were significantly and posi-
tively correlated (P<0.01) with each other (Table 7). 
This positive and significant correlation among all the 
parameters indicated that improving one variable's per-
formance can trigger the performance of other parame-
ters. The result showed a very strong relationship (r > 
0.70) of underground biomass with most of the parame-
ters. Aboveground biomass was having a relatively 
lower correlation (r < 0.60) with other variables. The 
number of sprouts was having a strong relationship 
with the number of roots (r = 0731) and shoot diameter 
(r = 0.750). Length of sprouts and number of leaves 
were also having a very strong correlation with all the 
variables, excluding the dry weight of shoot (r < 0.60) 
and shoot diameter (r < 0.40). Root length and shoot 
diameter showed a relatively weaker correlation with 
each other (r = 0.350). 
Parameters F-Statistic p-value   
No of Sprouting 27.389 .000 
No of leaves 42.278 .000 
Sprouting length 14.588 .000 
No of Roots / cutting 41.853 .000 
Root length / cutting 10.090 .003 
Fresh weight of shoot 50.435 .000 
Fresh weight of root 54.450 .000 
Dry Weight of shoot 0.783 .382 
Dry weight of root 208.413 .000 
Shoot Diameter 4.189 .047 
Table 2. Effect of two different planting seasons 
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Fig. 2. Trends of various growth parameters in on-season planted cuttings during 3 months of planting. (T1: No Treat-
ment; T2: IBA 100ppm; T3: IBA 200 ppm; T4: IBA 300 ppm; T5: NAA 100ppm; T6: NAA 200 ppm; T7: NAA 300 ppm; 
T8: GA3 100ppm; T9: GA3 200 ppm; T10: GA3 300 ppm) (NS: Number of Sprouts; NL: Number of Leaves; SL: Sprout 
Length; NR: Number of Roots; RL: Root Length; FWS: Fresh Weight of Shoot; FWR; Fresh Weight of Root; DWS: Dry 
Weight of Shoot; DWR: Dry Weight of Root; SD: Shoot Diameter). 
Fig. 3. Trends of various growth parameters in off-season planted cuttings during 3 months of planting. (T1: No Treat-
ment; T2: IBA 100ppm; T3: IBA 200 ppm; T4: IBA 300 ppm; T5: NAA 100ppm; T6: NAA 200 ppm; T7: NAA 300 ppm; 
T8: GA3 100ppm; T9: GA3 200 ppm; T10: GA3 300 ppm) (NS: Number of Sprouts; NL: Number of Leaves; SL: Sprout 
Length; NR: Number of Roots; RL: Root Length; FWS: Fresh Weight of Shoot; FWR; Fresh Weight of Root; DWS: Dry 
Weight of Shoot; DWR: Dry Weight of Root; SD: Shoot Diameter). 
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DISCUSSION 
Growth regulator is one of the most important factors in 
affecting the growth performance of stem cuttings. The 
current study provides evidence of the positive effect of 
the application of growing media on stem cuttings of P. 
deltoides. Auxins are responsible for the development 
in plants as they play an important role in cell division 
expansion (Majda and Robert, 2018). During root for-
mation, the level of auxins in the plants affects the ini-
tial cell division (Ludwig, 2000; Kochhar et al., 2005, 
Perrot-Rechenmann, 2010, Velasquez, 2016). The cut-
tings, which were not treated with any media, showed 
comparatively lower values for all growth parameters in 
both seasons. These responses may have occurred 
due to the accretion of metabolites at the auxins appli-
cation position, enlargement of cells, hydrolysis en-
hancement of carbohydrates, proteins synthesis, and 
cell division (Strydem and Hartman, 1960). However, 
IBA was found to be more effective media than NAA 
and GA3 for most of the parameters in both growing 
seasons. Phuyal et al. (2018) recorded IBA to be more 
effective than NAA. They also found an increment in 
shoot and root parameters of Zanthoxylum armatum 
with the increase in the concentration of growth hor-
mones. The present study also showed relatively high-
er values in the higher concentration of IBA and GA3. 
Meanwhile, in case of NAA treatment, the values for 
most of the parameters showed no difference or the 
values of some parameters (No of leaves, sprouting 
length, No. of roots per cutting, fresh weight of root, dry 
weight of root & shoot and shoot diameter) were higher 
in a lower concentration. Although, these types of re-
sponses were mainly observed in initial days of planting 
(30 DAP). 
Several experiments showed the importance of growing 
media in inducing the roots on stem cuttings 
(Tchoundjeu et al., 2004, Jacygrad et al., 2012; Usman 
and Akinyele, 2015, Majeed et al. 2009, Ibironke and 
Victor, 2016 and Phuyal et al. 2018). These growing 
media are well known to have a positive impact on the 
number of roots per cutting of Azadirachta indica, Alo-
ysia citrodora Cyclopia subternata and Toona ciliate 
(Gehlot et al., 2014; Ibrahim et al., 2015, Mabizela et al. 
2016, Thakur et al. 2018). 
IBA was found to be more effective than NAA in in-
creasing root formation. The application of IBA might 
have caused the vascular differentiation of cells and the 
production of more number of roots. The high concen-
tration of growth hormones enhanced the length of 
roots and shoots due to the timely formation of roots 
and more utilization of the nutrients (Banjara, 2017). 
Several researchers have recorded the better rooting 
ability of IBA at higher concentrations. Majeed et al. 
(2009) provided IBA at 4000 ppm is the most favoura-
ble plant growth regulator for rooting of Aesculus indi-
ca. Dalbergia sisso and D. latifolia also responded with 
relatively higher rooting rate with the application of IBA 
at 5000 ppm (Sharma and Pandey, 1999). High rooting 
rate was also obtained for Celtis australis cuttings treat-
ed with 3000 ppm IBA (Shameet et al. 1989). Thakur et 
al. (2018) also observed a positive rooting response in 
the cuttings of Toona ciliate treated with the higher con-
centration (8000 ppm) of IBA. 
In both planting seasons, GA3 was showing a relatively 
higher value for fresh weight of root in the highest con-
centration as compare to the other treatments, mainly 
in initial days of planting. GA3 treatment is mostly used 
to enhance the growth and vigor of the plants. Howev-
er, it helps in plant growth and length of internodes by 
boosting the division and enlargement of plant cells 
(Dayan et al., 2012; Miceli et al., 2019). Auxins play a 
key role in the productions of adventitious roots in 
plants (Davis and Hassig, 1990, Steffens and Rasmus-
sen, 2016; Guan et al., 2019) and also determine the 
rooting capacity of plants. 
NAA is mostly used to induce the longer root system, 
which may result in less fibrous root system. In the cur-
rent study, the values for the root parameters under 
NAA treatments were mostly at par with the maximum 
values, which provide the evidence of the positive ef-
fect of NAA on rooting growth. The studies have also 
revealed an increment in the rooting of various plant 
species viz. Taxus wallichiana, Andrographis panicula-
ta, D. sissoo, Hemarthria compressa, with the applica-
tion of NAA (Kaul, 2008; Yan, 2014; Khudur and Omer, 
2015; Hossain, 2016). 
Seasonal effect 
The previous studies have shown that the time of col-
lection and planting is an important factor in vegetative 
propagation of Lippia javanca and Boswellia papyrifera 
(Soundy et al., 2008; Haile et al., 2011). In the present 
study, the higher values for most of the root and shoot 
 Parameters F-Statistic p-value 
No of Sprouting 9.445 .004 
No of leaves 711.174 .000 
Sprouting length 258.551 .000 
No of Roots / cutting 57.988 .000 
Root length / cutting 326.908 .000 
Fresh weight of shoot 643.908 .000 
Fresh weight of root 280.155 .000 
Dry Weight of shoot 30.082 .000 
Dry weight of root 101.231 .000 
Shoot Diameter 194.348 .000 
Table 4. Effect of two different planting seasons (February 
and July) on various growth parameters in 60 DAP. 
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parameters of P. deltoides were attained from the cut-
tings collected and planted in February as compared to 
cuttings collected and planted in July month. These 
higher values may have occurred because the accre-
tion of carbohydrates is comparatively higher in the 
cutting collected during the dry periods due to lower 
physical activity of donor plants than in the cuttings 
collected after leaf flushing. Therefore, the mobilization 
of carbohydrates and other metabolites in very high 
amounts results in the easier rooting of the cutting col-
lected in February (Haile et al. 2011) 
Correlation among growth parameters 
All growth parameters were observed to be significantly 
(P<0.01) and positively correlated with each other in 
the cutting planted in both seasons. There was a very 
strong correlation (r > 0.70) recorded for underground 
biomass and other parameters. This significant and 
positive correlation among the root and shoot parame-
ters indicated that a possible simultaneous improve-
ment could be obtained while selecting one particular 
trait or another (Dhillon and Singh, 2010). The correla-
tions between these parameters provide a huge benefit 
to scientists for improving these traits. Many research-
ers (Tewari et al. 1994; Rawat et al., 2001; Verma and 
Bangarwa, 2005; Kumar et al., 2017) also established a 
positive correlation among various growth parameters 
of P. deltoides. 
Conclusion 
As sexual propagation is not so much effective in P. 
deltoides, vegetative propagation using stem cutting is 
thought to be more successful method for mass pro-
duction of plant material. The study revealed a signifi-
cant effect of growth hormones on various growth pa-
rameters. The highest concentration of IBA and GA3 
showed maximum values for most of the growth param-
eters. These significant effects were observed mainly in 
30 DAP, which proved that the growth hormones affect-
ed the plant growth mainly in the initial days of the 
plant’s life. On the other hand, collection and planting of 
the planting material are recommended in February 
month, as plants showed relatively higher values when 
planted in dry periods than the plants in the monsoons. 
The present findings could be of great significance for 
producing quality plant material of P. deltoides com-
mercially and benefit the Agroforestry systems. 
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